. In contrast to the many reports of extragonadal germ cell tumours, there have been only a few reports of testicular tumours (Carroll et al., 1988; Dexeus et al., 1988; Reddy et al., 1991) .
because of the paucity of clinical manifestations in childhood.
The karyotype is most frequently 47,XXY, but other variants (mosaicism or more than two X chromosomes) may be found. KS is the most common sex chromosome disorder, occurring in about one out of 600 males (Gerald, 1976; Nielsen and Wohlert, 1991) .
KS has been reported to be associated with a variety of neoplasms, including several haematological malignancies: acute myeloid leukaemia (Mamunes et al., 1961; MutsHomsma et al.. 1982; Foot et al.. 1992) . acute lymphocytic leukaemia (Gale and Toledano. 1984; Shaw et al., 1992) , chronic myeloid leukaemia (Oguma et al.. 1989; Adhvaryu et al.. 1990) . chronic lymphocytic leukaemia (Pienkos and Meisner, 1991) and lymphomas (Groupe Francais de Cytogenetique Hematologique. 1988; Liang et al., 1990; Koyama et al., 1992) . It has often been concluded that KS predisposes to leukaemia. however this assumption is almost exclusively based upon case reports and may be the result of a chance association. There is more evidence to support a hypothesis of an increased risk of breast cancer (Scheike et al., 1973) . although a review published in 1987 identified only 27 cases (Evans and Crichlow. 1987) .
A relatively large number of extragonadal germ cell tumours have been reported associated with KS, the vast majority located in the mediastinum (Dexeus et al., 1988; Gohji et al., 1989) . A recent review described 40 cases of primary mediastinal germ cell tumours associated with KS (Hasle et al., 1992) . Compiled data demonstrated a frequency of KS among male patients with mediastinal germ cell tumours of at least 8%, or 50 times the expected frequency (Hasle et al., 1992) . In contrast to the many reports of extragonadal germ cell tumours, there have been only a few reports of testicular tumours (Carroll et al., 1988; Dexeus et al., 1988; Reddy et al., 1991) .
No September 1994 cinoma of the breast were observed. which was similar to the expected incidence in women (Price et al.. 1985) .
The many case reports of KS and cancer are suggestive of a relationship. but do not allow any estimates of the relative risk of cancer in men with KS. Such data are important to help in prenatal counselling and to physicians who take care of patients with KS. This study presents the cancer incidence in a large cohort of men with KS with a virtually complete follow-up.
Materials and methods
The stud) cohort The Danish Cytogenetic Register was founded in 1968 and has collected information on chromosomal abnormalities diagnosed in Denmark (Nielsen. 1980 (Storm, 1988) .
All cases of ambiguous or unusual cancer notification in the cohort were verified by a review of the clinical and pathological data from the hospital where the patient had been treated.
Statistical analysis
The site-specific cancer incidence in the study cohort was compared with the expected incidence, which was calculated from the 5 year age-and period-specific rates for all Danish men. The relative risk was calculated as the ratio of the observed vs the expected number. The statistical evaluation was based on the calculation of 95% confidence intervals (CIs) on the assumption that the observed number follows a Poisson distribution. The relative risk was considered to be statistically different from 1 if the CI excluded 1.0. 23 years in 1986 -92). The distribution of karytotypes is shown in Table I . The observed and expected numbers of site-specific cancer cases are shown in Table II . A total of 39 neoplasms were observed in 36 men. The overall number was close to the expected. 
Results
The year of birth in 10-year periods of the 696 men with KS is shown in Figure 1 . The number of men diagnosed with KS was relatively low in the early 1960s, but from 1968 onwards has remained fairly stable, with about 25 new cases ascertained each year. Most of the men were diagnosed in adolescence or young adulthood (56% were diagnosed between the age of 15 and 35 years). The mean age at the cytogenetic investigation (excluding the prenatal cases) was 27 years and decreased with year of examination (37 years in 1961 -65 and (Nielsen and Wohlert, 1991) , corresponding to about 50 boys with KS born each year in Denmark. Cytogenetically recognised cases of KS in Denmark number fewer than 15 per year of birth (Figure 1 ), which represents less than 30% of the expected number of cases. The frequency of cytogenetically diagnosed KS decreases with increasing distance to the nearest cytogenetic laboratory and increases in areas close to laboratories with a special interest in KS (Nielsen, 1980 (Evans and Crichlow, 1987) , and a longer follow-up of the present cohort is needed to obtain a more precise estimate of the risk of breast cancer. It has been claimed that the risk of breast cancer in men with KS is similar to the incidence in women (Jackson et al., 1965; Price et al., 1985) . Screening mammography in patients with KS has been consided (Evans and Crichlow, 1987) , or even prophylactic total mastectomy (Miller and Lynch, 1985) . By applying the age-specific rates for breast cancer in women to the present cohort, the expected number of breast cancers was calculated to be 9.4 Our findings are not consistent with the assumption of a similar risk of breast cancer in men with KS and in women and give no justification for routine screeing or prophylactic surgery.
No increased risk of either leukaemia or lymphoma was noticed. This is in contrast to the many reports of KS associated with lymphoma (Group Fran$ais de Cytog6n6tique Hematologique, 1988; Liang et al., 1990;  Koyama et al., 1992) and especialy leukaemia (Mamunes et al., 1961; Muts-Homsma et al., 1982; Gale and Toledano, 1984; Oguma et al., 1989; Adhvaryu et al., 1990; Pienkos and Meisner, 1991; Foot et al., 1992; Shaw et al., 1992 ). An increased risk of acute myeloid leukaemia of up to 100-fold has been reported (Muts-Homsma et al., 1982) . Major textbooks of medicine and haematology mention KS as a predisposing condition to leukaemia and lymphoma (Champlin and Golde, 1991; Nadler, 1991; Greer and Kinney, 1993 of an increased risk of leukaemia in the present study is consistent with a cytogenetic study of 1200 consecutive male patients with suspected leukaemia in which only one case of KS was found (Horsman et al., 1987 (Hasle et al., 1992) .
Of the two brain tumours, one was a possible germinoma of the pineal gland. In contrast to the dominance of nonseminomatous histology in PMGCT. all of the reported cerebral germ cell tumours associated with KS have been of the germinoma type (Arens et al., 1988) .
The genesis of extragonadal germ cell tumours is supposed to be related to incomplete migration of the pnrmordial germ cells from the endoderm of the yolk sac to the gonads. resulting in later malignant transformation to midline germ cell tumours along the urogenital ridge. The more frequent neoplastic transformation of germ cells in KS might be a result of the disarrangement of the hormonal milieu With persistent elevated gonadotropin levels. However, it remains puzzling why the increased risk of germ cell tumours observed with KS is apparently exclusively related to nonseminomatous neoplasms of mediastinal location and perhaps to germinoma of the pineal gland.
We found two carcinomas of the gall bladder or bile duct (relative risk = 9.7) and three sarcomas (relative risk = 3.7). A search of the literature from 1966 onwards showed no reports of carcinoma of the gall bladder or sarcoma associated with KS, and the present finding may be a chance association.
A few reports have descrnbed the occurrence of multiple malignancies in patients with KS (Coley et al.. 1971; Pienkos and Meisner. 1991) . We found three patients with two neoplasms; one of these (the prostate cancer) was considered to be therapy related. thus leaving two persons each one with two primary tumours. One had bilateral acoustic neurilemmomas and 11 years later a sarcoma; the second had bladder cancer and a year later skin cancer. These data do not support the hypothesis of an increased risk of multiple primary tumours in men with KS.
In conclusion, the study found no overall increase in cancer incidence. The nrsk of male genital cancer may even be decreased. There is a considerably elevated nrsk of mediastinal germ cell tumours occurring in the period from early adolescence until the age of 30. Physicians caring for young men with KS who present with respiratory symptoms should be aware of this risk and make appropriate examinations for this potentially curable tumour. No routine cancer screening seems to be justified in men with KS.
